Nonhuman primates are important laboratory animals for biomedical, pharmacology, and toxicology research. To effectively use primates as models, their gross and histologic anatomy, physiology and natural history, as well as common health problems and the source from which the primate is obtained, must be known and understood by pathologists involved in study design and/or interpretation. The first very important lesson in the "primer" is: there is no such thing as a generic monkey. Brand names (ie, species and subspecies) are important. Several taxonomic groups of primates are used in research including: prosimians, such as galagos and lemurs; New World monkeys, particularily marmosets; Old World monkeys, especially macaques and baboons; and the chimpanzee, an African ape. Differences between taxa are exemplified by the glucocorticoid resistance of New World monkeys compared to Old World monkeys, which results in the requirement for Vitamin D3 and their high circulating levels of steroids such as cortisone and progesterone. Differences in ovarian histology between Old and New World monkeys probably relate to steroid receptor biology as well. There are also variations in disease manifestations, even among closely related primate species such as rhesus and cynomolgus macaques (cynos). For example type D retrovirus infection is accompanied by lymphomas in cynos, but not rhesus. The second important lesson in this "primer" is: "not test article related" does not always mean "normal." Lymphoid nodules in bone marrow or salivary gland, a common background finding in macaques, often signal the presence of type D retrovirus. Other histologic changes and normal anatomic variations may be confusing to individuals not routinely examining primate tissues. The objective of this paper is to familiarize pathologists with the use of primates in research as well as lesions and nonlesions (normal anatomy or physiology) of primates that may influence study design and confound interpretation.
INTRODUCTION
In spite of the advent of transgenic mice and because of their phylogenetic relationship to Homo sapiens, nonhuman primates are still considered by many to be the preeminent laboratory animal. In the wild, most species of nonhuman primates are threatened or endangered (91) . Human activities are responsible for direct (ie, hunting primates as food items and trapping for research or display), or indirect (ie, habitat destruction) decimation of wild populations. Although about 9,000 nonhuman primates are still being imported into the United States of America annually for research, there is increasing emphasis on obtaining "bred for purpose" animals www.cdc.gov/ncidod/dq/animal . Fortunately, for biomedical research and primate populations, several species, such as rhesus and cynomolgus macaques, squirrel monkeys, baboons, African green monkeys, and common marmosets can be easily bred, reared, and housed in captivity (1, 14, 57) . Unfortunately captive management of other species, such as prosimians, tamarins, and some marmosets, is still imperfect.
Use of primates in pharmacology and toxicology research includes the use of normal animals for safety assessment or those with naturally occurring or experimentally induced diseases that parallel human disease processes for efficacy trials. For example, cotton-top tamarins with naturally occurring chronic colitis and colonic adenocarcinoma are used to test agents that modulate cytokines involved in human colitis and colon cancer (49) and macaques with lentivirus (SIV) induced acquired immunodeficiency are used to test drugs and vaccine strategies for human AIDS patients (53, 69) . In order to effectively use nonhuman primates as laboratory animals, pathologists must be familiar with the basic biology and natural history of the species with which they work. They must also be aware of gross and microscopic anatomic peculiarities, and common diseases and background lesions that can confound design and interpretation of studies. This primer is a cursory review of some of these topics based on the literature and personal observations. More detail is provided in texts and review articles covering systematics, natural history, anatomy, medicine, and pathology of nonhuman primates (5, 8-11, 15, 16, 44, 45, 55, 56, 61, 65, 90, 92, 97-99, 108, 110) . There are also several Web pages that contain useful information on specific species. Examples are: http://www.saimiri.usouthal.edu/prl ; http://www.primate.wisc.edu/pin/marmoset ; http://www. srprc.org/srprc/baboon . Bibliographies on various topics in primate medicine and pathology are available online through the Primate Information Center http://primatelit. library.wisc.edu . Information on the conservation status of primates can be found online at http://www.cites.org and in primate taxonomy texts (99) .
PRIMATE PATHOLOGY PRIMER: LESSON ONE
There is no such thing as a generic monkey! Brand names, ie, species and even subspecies, are important. To use primates in research one must know which primate is being used and whether or not it is appropriate for the purpose in mind. The order Primata consists of 4 major groups or infraorders: prosimians, New World monkeys, Old World monkeys, and apes. There are 22 extant genera of prosimians and 37 genera of monkeys and apes of which 18 or 19 might be encountered by a laboratory animal pathologist. Only 4 or 5 species are fairly common in pharmacologic and toxicologic research.
The following discussion will touch briefly on prosimians and apes and focus primarily on the New and Old World monkeys that are most common in toxicologic research.
The Prosimians (Suborder: Prosimii/Strepsirrhini. Infraorders: Lemuriformes and Tarsiiformes)
The prosimians or strepsirhine primates include 7 distinct families native to Asia, Africa, and Malagasy (Madagascar) (99) . Their use in pharmacologic testing is limited. Species that have been used historically in biomedical research include tree shrews (now placed in their own unique order Scandentia, not order Primata), the galagos or bush babys, and lemurs. All lemur species are endangered, but mouse and fat-tailed lemurs and bush babys are CITES II (of lower risk) (91) . In current literature, the mouse lemur (Microcebus murinus) is suggested as a model for early Alzheimer's disease (79) , and, along with the fat-tailed dwarf lemur (Cheirogaleus medius), as a model for age-related brain changes (41) and other aspects of neurobiology and neuropharmacology. Galagos including the lesser galago (Galago senegalensis) and the greater galago (Otolemur crassicaudatus) have also found a role in neuro-ophthalmologic research (48) .
Anatomic and physiologic peculiarities of prosimians include the presence of cutaneous scent glands usually of modified sebaceous type; digital grooming claws; mandibular canines and incisors configured as a "dental comb," combined with a unique sublingual structure for grooming; an intermediate type of uterus; epithelialchorial placentation; and the common occurrence of twins (23, 48) . The type of placentation makes prosimians unsuitable for testing compounds that might cross the human placenta. "Background lesions" include atherosclerosis, hepatic hemosiderosis and hemochromatosis, duodenal hemosiderosis, chronic hepatitis, hepatocellular adenomas and carcinomas, and scent gland tumors (9, 62) . Mast cells are prominent in prosimian tissues. Human herpesvirus simplex 1 can cause fatal disseminated infection in these species, and hepadna-like viruses have recently been identified (118) .
The New World Monkeys
The New World Monkeys (Infraorder Platyrrhinii) are a taxonomically complex group of primates that includes two families (with 5 subfamilies) native to southern Mexico, Central, and South America (91) . This taxon contains some important laboratory animals. Members of the family Callitrichidae ("calitrichids") are the small arboreal, squirrel-like marmosets and tamarins. The common marmoset (Callithrix jacchus) has been widely used in pharmacologic and toxicologic research, especially in Europe and the United Kingdom where they are routinely bred for research purposes (110) . Care must be taken to ensure homogeneity among colony animals; there are many subspecies, some different enough to warrant speciation (eg, C. kuhlii, C. penicillata, C. geoffroy, C. aurita, and C. flaviceps). Among the tamarins, the cottontop tamarin (Saguinus oedipus) is a well-established model for chronic idiopathic colitis and colonic adenocarcinoma (109) . Other species of tamarin, such as Saguinus fusicollis, S. nigricollis, S. mystx, and S. labiatus have also been used in research settings. However, maintenance and breeding of these species is still problematic. Tamarins have been used as animal models for human viral hepatitis but have recently been discovered to have their own endemic hepatitis GBV-A-like flaviviruses that may interfere with hepatitis research (21) .
Members of the family Cebidae ("cebids") are larger than the callitrichids. Primates of the genus Saimiri (the squirrel monkeys) have been widely used in laboratory settings while members of the larger genus Cebus (the organ-grinder or capuchin monkeys) less commonly so (1, 37, 57, 83, 97, 98) . In the old literature, all squirrel monkeys are called S. saimiri, although at least 3 different morphologic (phenotypic) variants were recognized: Bolivian, Peruvian, and Guyanan, each with a different karyotype (1) . Recent literature recognizes at least 5 different species, of which at least 3 have been housed in laboratories in the United States of America: S. saimiri, S. oerstedii, and S. boliviensis. Spontaneous diseases may vary among species. For example Gilbert's-like hyperbilirubinemia is found in Bolivian, but not Brazilian squirrel monkeys (29) . Because importation of wild animals is restricted and provides less than ideal subjects for research, breeding colonies have been established both in the United States and South America (1) .
Capuchin monkeys (Cebus spp) used in vivarial settings have included the white fronted capuchin C. albifrons of which there are 11 or 13 subspecies; the tufted, brown, or widow capuchin, C. apella of which 11 subspecies are recognized; and the white throated or common capuchin, C. capuchinus with 5 subspecies. Capuchins have been used primarily in atherosclerosis research (83) .
Another important cebid primate in biomedical research is genus Aotus (the owl monkeys), used especially in research on vaccines and therapies for malaria and other parasitic diseases (5) . This is a complex genus with many species defined by 11 divergent karyotypes representing at least 10 different species (72, 99) . Because there are only 2 phenotypes (rednecked and gray-necked), karyotyping is essential for setting up breeding colonies (76) . Some karyotypes have specific disease problems such has hypereosinophilia in Karyotype VI (3) . Serum and urine biochemistry values from normal animals may differ between karyotypes (eg, Aotus nancymae, KI and A. vociferans, KV) (114) . Susceptibility to experimental disease induction also varies among kayotypes (113) . Owl monkeys are being bred in captivity in the United States and in countries of origin. Diseases occurring in breeding colonies in country of origin have been reviewed (44) .
Specific anatomic peculiarities of New World monkeys include: cutaneous scent glands on chest or perineum (usually of the apocrine type); prehensile tails in some cebids; no cheek pouches or ischial callosities; nose with broad planum and oval nostrils (platyrhine); no sigmoid flexure, taenia, or haustra in colon; marked variation in gastrointestinal anatomy; laryngeal air sacs in some species (Aotus); a uterus simplex; hemochorial labyrinthine placentation; prominent ovarian interstitial gland tissue, luteal tissue and granulosa cell nests; and prominent ellipsoids (reticular sheaths) in the spleen. Although marmosets and tamarins are quite similar, they have different dentition and feeding ecology that affect specific dietary requirements of the two groups (57) . Marmosets have short lower canine teeth and relatively long incisors with rodent-like enamel to allow for bark gouging and feeding on the resulting exudates (gummivory). 94 
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TOXICOLOGIC PATHOLOGY Specific physiologic traits of which to be aware include variations in protein requirement with a high requirement (12-24%) in most callitrichids, intermediate in squirrel monkeys (6-12%), but approximately the same as rhesus in capuchins (5-7%) (10) . Most species of New World monkeys, including Saimiri, Aotus, Callithrix, and Saguinus, are glucocorticoid resistant and therefore have high circulating cortisol, adosterone, progesterone, estrogen, and vitamin D levels and requirement for dietary vitamin D3 (18) . This is thought to be due to the high expression of a steroid receptor binding protein (102) . New World monkeys also have a higher requirement for vitamin E than Old World monkeys and, like all primates, they require exogenous vitamin C. Most New World monkeys have estrus rather than menstrual cycles. In callithrichids, twinning is common often accompanied by shared placental circulation and chimerism (38) .
The diseases of New World Primates have been review by several authors (44, 45, 61, 65, 92, 110) . Specific diseases of New World monkeys that can and have confounded research studies include: spontaneous atherosclerosis; Vitamin E/ selenium deficiency hemolytic anemia in owl monkeys, Heinz body anemia in C. jacchus, wasting marmoset syndrome and chronic idiopathic colitis in callitrichids (44), hepatic hemosiderosis in callithricids, owl monkeys and some of the other cebids (71, 80) ; scurvy manifest as cephalohematomas in squirrel monkeys (93) ; glomerulopathies and nephritidies in many species (13, 17, 107) ; and parasitism especially acanthocephalidiasis, lung worms, and filariasis in wild-caught animals. Other health problems of which to be aware include: susceptibility to tuberculosis and toxoplasmosis; hepatitis in callitrichids and owl monkeys due to lymphocytic choriomeningitis virus; and the pathogenicity of human Herpesvirus simplex and squirrel monkey herpesviruses (H. saimiri and H. tamarinus) for owl monkeys and callitrichids with H.saimiri causing T-cell lymphomas. Other neoplasms or proliferative processes include spontaneous B cell lymphomas due to an EBV-like lymphocryptovirus herpesvirus in common marmosets (26) ; naturally occurring colonic adenocarcinoma in cotton-top tamarins; endocrine tumors in several species and myelolipomas and extramedullary hematopoiesis/myeloproliferative disorders in callithricids. Spontaneous hypertension is reported in woolly monkeys (Lagothirx lagotricha), pygmy marmosets (Cebuella pygmea) and Goeldi's marmoset (Callimico goeldii) and an STLV-II-like retrovirus in spider monkeys (Ateles sp.) with unknown disease potential (25, 40) .
The Old World Monkeys (Infraorder Catarrinii, Superfamily Cercoithecoidae)
This group comprises some of the most widely used species of laboratory primates. There are 2 subfamilies: Cercopithecinae (cheek pouch monkeys), which includes the macaques, baboons, and African green monkeys; and Colobinae, which includes the colobine and leaf-eating monkeys (91) . This later group is interesting anatomically because of the presence of pseudoruminant anterior fermentation in a large multichambered stomach. At least 1 species (Semnopithecus (Presbytis) entellus) has been housed in vivaria, however only members of the cercopithecine subfamily are common as laboratory animals.
Macaques (genus Macaca) are the most common of the larger laboratory-maintained primates. There are 12 or 16 species (depending on the taxonomist), all but one of which, the Barbary macaque (Macaca sylvanus), are endemic to Asia (91) . The rhesus, M. mulatta, predominantly of the Indian subspecies, is the most common laboratory cercopithecine and the one with the longest history of use as a laboratory animal (14) . Because of bans on exportation from India, the Chinese rhesus subspecies is currently being imported into the United States to improve genetic diversity in primate colonies. There are genetic, morphometric, and behavioral differences between the 2 subspecies, as well as differences in response to induced disease, that may confound research (24, 27, 66, 78, 111) . For example, Chinese rhesus males are heavier, longer and taller than Indian rhesus, Chinese rhesus are more irritable and aggressive than their Indian counterparts even as nursery-reared neonates, and Chinese rhesus control viral replication better after SIVmac infection than do Indian rhesus.
The cymomolgus monkeys (M. fascicularis-cynos) include at least 10 subspecies native to Southeast Asia including mainland and island countries. Synonyms in the literature include M. irus and M. cynomolgus and the common names of crab-eater and long-tailed macaque and irus and Java monkey. The fascicularis macaques currently account for the majority of primate importations for research. Although considered CITES II, or at lower risk for extinction than many primate species, there is still concern about depletion of population by exportation for research. Captive bred individuals from countries of origin or from vivaria in the United States and Europe should be used. Many of the cynos being imported for research are purposely bred from a population naturalized since the 1600s to the island of Mauritius in the Indian Ocean off the coast of Africa. This population is genetically distinct from other populations of cynomolgus monkeys. Differences in laboratory values and response to compound can be expected with different subspecies of M. fascicularis. Therefore, it is important to standardize animals within any one project and to be aware of the source from which animals are obtained.
Other species of macaques are less frequently used for pharmacologic and toxicologic research and include: the Japanese macaque, M. fuscata; the pig-tailed macaque M. nemestrina with 4 subspecies; the stump-tail macaque, M. arctoides; the bonnet monkey, M. radiata with 2 subspecies; the Taiwanese rock macaque, M. cyclopis; the Sulawesi (Celebes) crested black macaque, M. nigra, and other Sulawesi macaques species (M. hecki, M. nigrescens, tonkeana, ochreata, brunnescens, and maura). Macaques are used for every conceivable type of pharmacologic, toxicologic, and biomedical research including studies on aging, vaccine development, and a myriad of infectious diseases (10, 58, 59) . Interesting model systems include baldness in stump-tails, placenta ecreta in bonnet monkeys, and diabetes in Sulawesi crested macaques.
Cynomolgus monkeys are replacing rhesus and other species in many aspects of biomedical research because of cost and availability (100) . There are species differences between rhesus and cynos in response to experimental manipulation including variation in disease manifestation with type D retrovirus infection and with experimental SIV and HIV-2 infection (see Lerche and Osborn, this conference). Both cynomolgus monkeys and pig-tailed macaques are more readily infected with HIV-2 than are rhesus. The baboons, which are endemic to Africa, are generally larger than macaques well suited as surgical models, and have been well characterized immunologically (49, 51, 75, 104) . Many taxonomists consider all Papio genus baboons to be one species P. hamadryas with several different subspecies, but others recognize the following 4 species that have been used in biomedical research: the olive baboon, Papio anubis, with 4 to 7 races; the yellow baboon, P. cyanocephalus, with 3 or 4 races; the Guinea baboon, P. papio, the Chacma baboon, P. ursinus, with 4 to 8 subspecies, and the type species the sacred or Hamadryas baboon, P. hamadryas. Like macaques, baboons are used for a wide range of experimental work (33, 34, 94) . Papio papio is a model for spontaneous strobe-induced epilepsy. Baboons are being explored for HIV research to replace the chimpanzee model (68) .
The African green monkeys, genus Cholorcebus, make up another group of African cercopithecine monkeys that are used in biomedical research, especially in AIDS research and parasitology (85) . The type species is C. aethiops and there are 22 subspecies of which 4 are probably valid species: the grivet, C. aethiops; the vervet, C. pygerythrus; the green monkey C. sabaeus; and the tantalus monkey or savanna quenon, C tantalus (99) . African green monkeys can be bred in captivity, but many Clorocebus used in labs in the United States are from populations naturalized to the islands of Barbados and St. Kitts in the Caribbean. These animals have been genetically isolated from their African progenitors for about 400 years and are seronegative for SIV. Vero cells, commonly used as a permissive cell line in virology, are of vervet origin.
Other African monkeys may be used for research into specific diseases or conditions. For example, the sooty mangaby, Cercocebus atys, has been the primate model of choice for leprosy studies. This species also has a lentivirus, SIVsmm, which is thought to be the precursor of the human HIV-2 AIDS virus. The red or Hussar monkey, Erythrocebus patas, is a model for pre-eclampsia.
Anatomic peculiarities of Old World monkeys include catarrhine noses characterized by a narrow septum and comma-shaped generally downward-facing nostrils. Tails vary from vestigial (Sulawesi macaques) to very long (cynomolgus, mangabeys, and green monkeys). Ischial callosities are present, tightly adhered to the underlying ischial tuberosities. Well-developed cheek pouches are present, as are cervical laryngeal air sacs that communicate with the laryngeal lumen via a central ostium at the base of the epiglottis. The common laboratory housed species are generally omnivorous with hind-gut fermentation. The stomach is simple, a cecum is present but lacks a vermiform appendix, and the colon has bands (taenia), saccules (haustra), and a sigmoid flexure. In macaques and baboons, there is well-developed perineal sex skin that exhibits marked tumescence during the estrus phase of the menstrual cycle. This is more florid in some species than in others. Sex skin and sexual swelling is minimal to absent in the African monkeys other than baboons. The uterus is simplex and the placentation is hemochorial, mono or bidiscoid, and villous. Twinning is infrequent.
Histologically, macaques often have tonofilament pseudoinclusions in transitional epithelium, multinucleated cells in collecting ducts of kidneys, tingible body macrophages in intestinal lamina propria, and a strongly sinusoidal spleen. Additional background lesions are presented later by organ system.
Macaque diseases of which to be aware include: endemic viral diseases such as the important zoonotic agent Herpesvirus simiae (B virus), which may be activated by immune suppression; varicella-like herpesviruses; cytomegaloviruses; gamma herpesviruses of both the Epstein-Barr-like lymphocryptovirus group and the HHV-8-like rhadinovirus group; SV40 papovavirus that causes progressive multifocal leukoencephalopathy in immune-suppressed animals; several adenoviruses; B-19-like parvovirus (especially in cynomolgus), which is associated with anemia in immunosuppressed animals; naturally occurring retroviruses including type D (SRVs), foamy, and STLV-1, and suspectibility to the African primate origin SIVs (70) .
Macaques are prone to develop systemic amyloidosis, fatal fasting syndrome (hepatic and renal lipidosis), endometriosis, reactive arthritis associated with enteritis, and diabetes secondary to islet amyloidosis (12, 55, 56) . In newly imported cynomolgus monkeys the following diseases are important: Reston filovirus, simian hemorrhagic fever (Arterivirus) virus, abdominal filariasis (Edesonfilaria malayensis), malaria, hepatocystiasis, and hepatitis A (22) . Natural infection with hepatitis B during quarantine has been reported (63) and additional parasitic diseases such as esophagostomiasis may also be seen. Also reported from imported cynos are tuberculosis and melloidosis (Pseudomonas psuedomallei). Animals being bred for purpose in countries of origin are generally more free of infections and parasites than wild-caught animals. The lesions of many diseases of laboratory macaques are well described in fairly recent monographs (54, 55) .
African monkeys also have endemic viruses including SA8 the alpha herpesvirus of vervets, Herpesvirus papio 1 (gamma) and 2 (alpha) and CMV of baboons, and retroviruses including endogenous C-type viruses such as BaEV and the exogenous STLV-1s, foamy viruses and the lentivirus SIVs. Species in which SIV infection has been demonstrated by serology or virology include: African green monkeys (Chlorocebus) of all four species groups (green, grivet, vervet and tantalus); sooty mangabeys (Cercocebus atys); cherry crowned mangabeys (Cercocebus torquatus); Syke's monkeys (Cercopithecus mitis albogularis); talapoin monkeys (Miopithecus talapoin); L'Hoest's guenons (Cercopithecus lhoesti); sun-tailed guenons (Cercopithecus solatus); mandrills, (Mandrillus sphinx); a drill (Mandrillus leucophaeus); Patas monkeys, yellow baboons, a Chacma baboon (7) . In the last 3 species, cross-species transmission from Clorocebus was suspected. Although usually considered apathogenic in their indigenous hosts, abnormalities in lymphocyte subsets have been noted in SIV infected green monkeys. Patas monkeys may be a reservoir for simian arterivirus (simian hemorrhagic fever). Wild-caught African monkeys, especially Clorocebus, often have schistosomiasis and hepatocystiasis. Baboons, both wild-caught and captive bred are often host to erythocyte piroplasms (Babesia or 96 
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Entopolypoides sp) which may pose a problem in xenotransplantation (20) . Endometriosis, fatal fasting syndrome, and type II diabetes with islet amyloidosis are seen in these species as well as in macaques.
THE APES, SUPERFAMILY HOMINOIDEA The apes (often called "hominids") include the "lesser" apes or gibbons (family: Hylobatidae) from Asia, and the "great apes" including the orangutans from Asia (family: Pongidae) and the chimpanzees and gorillas (family: Hominidae) from Africa. All ape species are endangered in their native habitats. Of the apes, the common chimpanzee (Pan trogylodytes) is most often used as a laboratory animal, but gibbons, primarily Hylobatus lar, are found in some vivarial settings. There are 3 different subspecies of H. lar. There are at least 3 different races or subspecies of common chimpanzee. Differences between subspecies with regard to clinical laboratory data and disease susceptibility have been incompletely explored (115) . The common chimp is very important as a lab animal for hepatitis and AIDS research, vaccine development, ethology, language research, and developmental biology (6, 15, 31, 36, 39, 81) . Gibbons have been used to study viral oncogenesis, and as hosts for HIV-1 (70) .
Hominid specific anatomic peculiarities include the presence of well-developed laryngeal air sacs, especially large in siamang gibbons, orangutans, and gorillas. These air sacs have paired openings from the lateral saccules and extend along the ventral neck, beneath the clavicles and into the axilla (108) . Air sacculitis due to gram negative organisms such as Pseudomonas is common, especially in orangutans. Scent glands, including axillary sweat glands, are present in some species. Apes have no tails. Ischial callosities are present in gibbons and occasionally in chimpanzees: in the latter, they are not attached to the underlying bone. The diet of apes is herbivorous (gibbons, orangutans, and gorillas) to omnivorous (chimpanzees). The colon is well developed with taenia, haustra, and a cecum with a vermiform appendix. Endemic retroviruses include: foamy viruses; gibbon ape leukemia virus (GaLV) in Hylobates associated with leukemias; STLV in chimpanzees, gorillas, and orangutan; SIVcmz in chimpanzees (but infrequent in lab populations). Chimpanzees have indigenous Hepatitis B-like viruses, as well as susceptibility to human Hepatitis B virus and Hepatitis C; gibbons, gorillas, and orangutans also have their own HBVlike viruses (73) . Sero-reactivity with human herpesviruses in chimps and other apes is usually due to species-specific herpesviruses, but HSV-2 has been detected in genital vesicular disease in a few chimpanzees. Apes are susceptible to many human viruses or share viruses such as RSV, measles, and rhinoviruses. They are also susceptible to human bacterial diseases such as Hemophilus and Mycoplasma pneumonias, and whooping cough (Bordetella pertussis) (6, 46, 86) . Other diseases of which to be aware include: fibrosing cardiomyopathy and sudden death (103), senile cardiac amyloidosis, aortic aneurysms (more in gorillas, but also seen in pygmy chimpanzees, Pan paniscus), balantidiasis, and fatal infection due to human pinworm, Enterobius vermicularis, in chimpanzees.
PRIMATE PATHOLOGY PRIMER: LESSON NUMBER TWO:
"NOT TEST ARTICLE RELATED" IS NOT NECESSARILY "NORMAL" Interpretation of histologic changes in nonhuman primates enrolled in studies requires an appreciation for the normal histomorphology and the occurrence of "incidental" lesions. In some cases it is tempting to ignore changes equally present in control and test animals. Endemic diseases or management problems that may invalidate the study need to be recognized. The following part of this primer is a brief overview of some of the normal histo-anatomic features and common incidental findings in nonhuman primates especially macaques and New World monkeys, presented by organ system. Additional information is available in texts on primate diseases and pathology. Especially important in the context of diseases that confound research is type D retrovirus infection in macaques.
Integument
The integument of macaques (and baboons and chimpanzees) is notable for the presence of sex skin and estrus related swelling. Sex skin in most pronounced in the perineum and around the tail base of females, but may be found along the backs of the thighs and on the dorsal and ventral midline to the level of the forelimbs even in males. Histologically, during tumescence, skin samples are edematous, highly vascularized, and may resemble hemangioma. Hormone-modulating compounds have sometimes produced florid hyperplasia. In older macaques, pink to red 1-3-mm "age spots" or benign angiomas are often found on the face and chest, but may occur anywhere on the body.
Oral Cavity
Nonhuman primates are often used as experimental models for plaque formation, periodontal disease, and caries (89) . Some naturally occurring problems of which to be aware include gingivitis due to Shigella spp. This severe marginal gingivitis is reported in macaques (M. mulatta, M. radiata, M. arctoides) in colonies in which intestinal shigellosis is endemic. Shigella gingivitis and gingivitis due to plaque generally affect the entire dental gum line and must be distinguished from ANUG or acute necrotizing ulcerative gingititis, which affects the interdental papilla. ANUG may progress to noma (necrotizing gingivitis and osteomyelitis) (64) . The presence of ANUG and/or noma in amacaque colony is strongly suggestive of endemic type D retrovirus infection. In New World monkeys, dental disease may be a source of antigens for chronic glomerulonephritis.
Gastrointestinal Tract
In the gastrointestinal tract, 2 tissues that are sometimes misinterpreted by neophyte primate pathologists are the salivary glands and the terminal part of the gastric pylorus. Because of the eosinophilic cytoplasmic granules in the former, it is sometime read out as exocrine pancreas. Because of the mucous glands and lower surface epithelium, the distal pylorus is sometimes misinterpreted to be colon. Differentiation of the former is by type of duct epithelium and islets and of the latter by the presence of branched crypts in the pylorus. Both gastric mucosa and colonic mucosa in macaques may be colonized by filamentous to spiral bacteria of uncertain significance. Colonization of gastric mucosa by spiral organisms (Gastrospirillum or Spirilla) has been considered to be an incidental finding by some authors (19, 101) . In macaques, lymphocytic gastritis with intestinalization of mucosa or atrophy seems to be increasing in primate centers. Although Helicobacter pylori gastritis can be induced in macaques and squirrel monkeys, H. pylori has been inconsistently cultured in macaques with naturally occurring gastritis (105, 106) . Conversely, in some colonies, colonization is ubiquitous, but lesions are absent. Other gastric organisms have been identified in squirrel monkeys with spontaneous gastritis including: Ochrobactrum anthropi, Aeromonas slamonicida, and Pseudomonas vesicularis (60) . Spiral organisms also colonize the colon of macaques with and without diarrhea and a variety of species have been cultured (30, 32) . Many are likely commensal organisms.
Interpretation of the intestinal tract may be complicated by the fact that many species of primates housed in outdoor enclosures have a robust population of lymphocytes and plasma cells in their gastrointestinal tract lamina propria, both between glands and elevating the base of the crypts from the muscularis mucosae. The population of immune reactive cells is much smaller in indoor-housed animals unless episodes of diarrhea have been present. Given that diarrheal diseases are the most common health problem in all species of nonhuman primates, many indoor-housed monkeys also have intestinal inflammation as a "background" lesion. Infectious causes of diarrhea are common. In macaques, shigellosis and campylobacteriosis are the usual culprits. Acute yersiniosis is more common in outdoor-housed animals, but may affect both Old and New World species. In New World monkeys, Campylobacter and a variety of other organisms including enteropathogenic E. coli have been implicated (54, 77) . The lesions seen grossly and histologically vary depending on the organism, but may include villus blunting in infections with Campylobacter jejuni, and colonic crypt abscesses and herniation in shigellosis and colitis due to Camplyobacter coli. In acute shigellosis, exudation of both neutrophils and erythrocytes may be seen. Both Old and New World monkeys on antibiotic therapy or during the stress of quarantine or experimental manipulation may break with clostridial enteritis due to Clostridium difficile (4, 95) . Superficial necrotizing to pseudomenbranous colitis is represented histologically by micro-ulcerations of surface enterocytes and voluminous exudation ("volcanic eruptions") of neutrophils and fibrin.
About 10% of nursery-reared macaques end up with chronic diarrhea characterized histologically as largely lymphocytic with crypt abscessation and herniation of glands into lymphoid patches reminiscent of chronic shigellosis (2) . The earliest episodes may be culture positive, but subsequently the diarrhea is negative for enteropathogenic bacteria or parasites. It is thought that the infiltrating cells are hypersensitized to a variety of antigens that stimulate the secretion of lymphokines perpetuating the colitis. A similar problem occurs in children, in developing countries, who survive episodes of viral, bacterial, or parasitic diarrhea.
In New World monkeys, chronic idiopathic colitis is ubiquitous in the callithricids and may occur as a part of marmoset wasting syndrome (43, 90, 92) . In the cotton top tamarin, and rarely in other marmoset or tamarin species, chronic colitis progresses to colonic adenocarcinoma, providing a spontaneous animal model for the human disease. The progression of the colitis has been studied histologically beginning with infiltration of neutrophils into the lamina propria, followed by crypt abscesses, dilatation, and enterocyte damage, microulcerations with coalescence to mucosal ulcers, increased mitotic activity with regeneration, mononuclear inflammation, microherniation of glands, dysplasia and sometimes, neoplasia. The etiology and pathogenesis are uncertain. Colonic mucin type differs between cancer prone cotton-topped tamarins and saddle-backed tamarins, which get colitis but not cancer (109) . Fecal coronavirus particles have been seen in some cases. Campylobacter is implicated in some colonies, but in others acute campylobacter diarrhea is not associated with "chronic idiopathic" colitis (54) . Enteropathogenic E. coli with subsequent chronic "immunemediated" colitis has been postulated (77) . Helicobacter-like organisms have also been seen. Low protein diet has been implicated in other colonies. Persistent antigenic stimulation similar to the situation in macaque colitis is also likely. This is clearly a disease of captive management. Severe colitis was not found by biopsy in cotton-top tamarins living wild in South America, nor were cases of dysplasia or neoplasia noted (116) . There is also compelling evidence that stress, both acute and chronic, is important in the pathogenesis (117) .
Gastrointesinal neoplasia, especially small intestinal and colonic adenocarcinomas, seems to be increasing in frequency in macaque colonies possibly due to greater longevity. In one aged rhesus colony the incidence of colon cancer was 12% in rhesus 21-to 36-years-old.
Another important syndrome of which to be aware is amyloid enteropathy in Old World monkeys and chimpanzees. The intestinal lamina propria is infiltrated with amyloid, which acts as barrier between enterocytes and vessels of the lamina propria, causing malabsorption and varying degrees of protein losing enteropathy. This condition is not inflammatory per se but usually occurs in the face of chronic enteritis and colitis. This lesion is also commonly seen in conjunction with persistent type D retrovirus infection and should alert the pathologist to the possibility of that infection in the population (64, 87) .
Macaques, in general, are prone to develop systemic amyloidosis following any chronic inflammatory process including retrovirus infections, implanted devices such as chronic catheters or skull caps (12) . Systemic amyloidosis usually involves the spleen and liver and may or may not include amyloid enteropathy. Endocrine amyloidosis in the form of islet hyalization is a very common independent lesion in aging macaques and is often associated with diabetes in macaques, guenons, and mangabeys.
Liver disease as an incidental finding is not very common in macaques. Multinucleated hepatocytes are occasionally seen as an incidental finding in macaques as well as in chimpanzees and gorillas. Severe fatty liver occurs in the fatal fasting syndrome of overweight macaques and other Old World species. Renal tubular fatty change, fat necrosis in subcutis and intracavitary fat stores, and pancreatic acinar degeneration accompany the hepatic lipidosis.
Hepatic hemosiderosis is a common "incidental" finding in marmosets, tamarins, owl monkeys, and other species of 98 LOWENSTINE TOXICOLOGIC PATHOLOGY New World primates and in lemurs and gorillas (71, 80) . Iron storage in these cases is probably due, in part, to inappropriately high dietary levels of available iron. Endogenous elevations of glucocorticoids due to stress may be involved as well as the presence of chronic inflammatory processes leading to sequestration of iron and poor iron transfer from siderophages to erythrocytes in the anemia of chronic disease. Experimentally, diets high in iron caused mortality due to infections in common marmosets. Hepatocellular iron storage may become severe enough to lead to alterations in hepatocellular function (hemochromatosis) compromising pharmocologic studies. In lemurs, hepatocellular iron is thought to play a role in the development of spontaneous hepatocellular carcinomas, but recently a virus has also been identified (9, 118) . Nodular foci of extramedullary hematopoiesis and myelolipomas are occasionally found in NW monkeys. The pathogenesis and significance of these foci is unknown.
Urogenital
Multinucleated cells are sometimes found in the renal tubular epithelium, usually collecting ducts, of macaques and have also been seen in at least 1 gorilla. These are considered to be incidental, are of undetermined etiology and have no known pathologic significance. Likewise, eosinophilic intracytoplasmic inclusions, consisting of cytokeratin (tonofilament) aggregates are seen incidentally in the transitional epithelium of the ureters and bladder of macaques.
Chronic nephritis, especially glomerulonephritis, is seen fairly frequently in all nonhuman primates, but the callitrichids are especially prone to develop IGM/IGA nephropathy (17) . Immune complexes directed toward parasitic and dietary antigens are hypothesized to play a role in the development of this lesion. Glomerulonephritis has been a major cause of death in squirrel monkeys, owl monkeys, and other cebids as well (13, 90, 107) .
The histology of the ovaries of New World monkeys differs from that of macaques in the presence of abundant interstitial and luteal tissue. In some pubescent cebids (Ateles), these are particularly florid and have been diagnosed as bilateral luteomas.
During the estrogenic phase of the menstrual cycle of Old World monkeys there is keratinization of the vagina. In older females the vaginal mucosa may be permanently thickened. Prior to menstruation, the uterine mucosa becomes hyperplastic and neophyte primate pathologists sometimes misinterpret this physiologic event to be a pathologic change.
Some of the New World monkeys, notably Callimico goeldii and squirrel monkeys, respond to progestigen compounds (eg, Melengestrol acetate) with exuberant endometrial hyperplasia and decidualization, filling the uterine lumen with necrotic debris (82) . These animals do not make good models for contraceptive agents.
Endometriosis is a serious problem in both rhesus and cynomolgus macaques and is the leading cause of presenescent reproductive failure. The appearance of endometriosis has been well described in the literature and consists of pelvic adhesions and serosal "chocolate" cysts. Implanted endometrial tissue usually contains both stromal and epithelial elements, though one or the other may predominate. Rarely, mass-like lesions (endometriomas) may occur. Endometrial tissue may be found in abdominal lymph nodes and in the thorax (35) .
Uterine leiomyomas are common in all species of nonhuman primates, but other uterine neoplasms are rare.
Endocrine System
During fetal life, all primates have a provisional or fetal adrenal cortex. This is replaced postnatally by the definitive or adult cortex with its familiar 3 zones. Involution of the fetal cortex is accompanied by necrosis and hemorrhage. Involution prior to parturition is a sign of fetal distress. Mineralization of the adrenal, usually at the corticomedullary junction and often visible grossly, is an incidental finding in macaques of all ages, possibly as a sequel to destruction of the fetal cortex.
Respiratory and Cardiovascular System
Lung mites (Pneumonyssus simicola) are seen in virtually all wild and imported wild-caught rhesus, and may persist in subsequent generations of captive-born group housed macaques. Treatment with Ivemectin can eliminate the infection, but the lesions of chronic bronchiolitis, bronchiectasis, and pigmentation may persist as an incidental finding.
Nonhuman primates are used extensively as experimental models for atherosclerosis. Atherosclerosis is readily induced in many species and not so readily in others. For example, cynomolgus monkeys are a "better" model than African green monkeys and are currently the model of choice (100) . Naturally occurring atherosclerosis is seen in captive primates and is also reported from free-ranging animals, but is usually mild and limited to the formation of fatty streaks. Increased severity is seen in diabetic animals and when atherogenic diets are fed. Although spontaneous myocardial infarction is relatively rare in nonhuman primates, chronic myocardial interstitial fibrosis is a common finding in many species, especially great apes in which sudden cardiac death is common (103) . Also common in many species of nonhuman primates is the presence of myocardial fiber nuclear polyploidy. The combination of myofiber karyomegaly and interstitial fibrosis is similar to experimentally induced catecholamine toxicity (96) . A more mild form of the myocardial lesion has been seen in free-ranging gorillas. The severity of the lesions in captive individuals suggests that stress associated with captive management is important. Hypovitaminosis E has been implicated in similar lesions in baboons (67) . These lesions are seldom accompanied by inflammation, however idiopathic lymphocytic intersitial myocarditis has been reported as an incidental lesion in macaques (91) .
Nervous System
Several incidental lesions have been described in the brains of aging nonhuman primates including macaques, squirrel monkeys, and lemurs (28, 41, 42, 79) . These include lipofuscinosis, senile amyloid plaques, cerebrovascular amyloidosis, spheroids, and iron pigment. Vascular mineralization is seen in the caudate nucleus, putamen, and thalamus.
Hemolymphatic System
The histology of the spleen differs between New World and Old World primates. In New World species, especially cebids Vol. 31(Suppl.), 2003 PRIMATE PATHOLOGY REVIEW 99 like the squirrel monkey, the reticular sheaths (ellipsoids) are prominent. In Old World monkeys such as macaques, the spleen is strongly sinusoidal with well-defined cords of Billroth. When sinusoidal lining cells become reactive, eg, during endotoxemia or sepsis, the cords appear almost epithelial. Foci of extramedullary hematopoiesis are common in some callitrichids. Spontaneous lymphomas occur in both Old and New World monkeys. Various herpesviruses are implicated in many of these cases. The presence of increased incidence of lymphomas in macaque colonies has been indicative of endemic retroviral infections, both SIV and SRV (69) . Cynomolgus monkeys differ from rhesus in that lymphomas occur commonly with both SIV and SRV infection, where as lymphomas in rhesus and stump-tails are only associated with SIV infection, although lymphoproliferative disease is seen in both (47, 69) .
The presence of generalized lymphoid hyperplasia should raise the index of suspicion that type D retrovirus is present in a macaque colony (47, 69, 87) . Giant follicular hyperplasia in spleen and lymph nodes and lymphoid follicles with germinal centers in a variety of tissues such as bone marrow and salivary gland were once thought to be an unimportant peculiarity of macaques until the association with retroviruses was determined. In acutely SRV viremic rhesus there may be expansion of the paracortex by a population of T-lymphoblasts and compression of follicles to the periphery of the node. Severe nodal depletion in macaques should also raise the suspicion that Type D virus is present.
Pancytopenia with abnormal hematopoiesis can be another indicator that type D retrovirus is present in a macaque colony. These changes can be due to the direct effect of the retrovirus or secondary to opportunistic agents such as the cynomolgus B-19-like parvovirus (88) .
Other indicators of the presence of type D retrovirus in macaque colonies are subcutaneous and retroperitoneal fibromatosis, which are associated with rhesus rhadinovirus, an HHV-8-like herpesvirus. Myositis is an occasional manifestation of SRV infection in rhesus. Opportunistic infections suggestive of type D retrovirus infection include cytomegalovirus, ANUG, and noma.
SUMMARY
The preceding discussion has been a very cursory look at some of the aspects of taxonomy, natural history, physiology, anatomy, and pathology that can influence the selection of nonhuman primates for research and the design and interpretation of primate studies. It is hoped that toxicologic pathologists who become familiar with these aspects of nonhuman primates will use their influence to improve study design and interpretation.
